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TIPE2 acts as a biomarker for tumor 
aggressiveness and suppresses cell invasiveness 
in papillary thyroid cancer (PTC)
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Abstract 

Background:  Tumor necrosis factor (TNF)-alpha-induced protein 8-like 2 (TIPE2 or TNFAIP8L2) is a newly described 
negative immune regulator and is closely associated with various tumors. However, the expression and roles of TIPE2 
in PTC is unknown.

Results:  In the present study, TIPE2 upregulation in PTC tissues was found to be negatively associated with tumor 
size, capsule infiltration, peripheral infiltration and tumor T stage, which could be used to predict tumor invasiveness. 
TIPE2 overexpression significantly suppressed the viability, proliferation, migration and invasion of PTC cells. Moreover, 
TIPE2 suppressed tumor invasiveness by inhibiting Rac1, leading to decreased expression of uPA and MMP9.

Conclusions:  These results indicate that TIPE2 is a potential biomarker for predicting tumor aggressiveness and sup-
presses tumor invasiveness in a Rac1-dependent manner.
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Background
Thyroid cancer is the most common malignancy of the 
endocrine system and its incidence has been rapidly 
growing worldwide over the past few decades. Despite 
equivalent death rates, thyroid cancer incidence rates 
are 3 times higher in women than in men [1, 2]. Thyroid 
cancer could be categorized into four histologic types: 
papillary, follicular, medullary, and anaplastic. Papillary 
thyroid cancer (PTC) accounts for the majority of cases 
[3]. The standard therapies of PTC include radical exci-
sion, radio-iodine treatment, and thyroid stimulating 
(TSH) hormone suppression. Although the prognosis 
of PTCs is generally good, recurrence occurs in patients 
with aggressive tumors, which usually leads to a poor 
prognosis [4–7]. Therefore, a better understanding of 
the molecular mechanisms that are associated with the 

aggressiveness of PTC is needed for improving the prog-
nosis of the patients.

Tumor necrosis factor-α-induced protein-8 
(TNFAIP8)-like-2 (TIPE2) is a newly described member 
of the TNFAIP8 family. The family contains four mem-
bers, TNFAIP8, TIPE1, TIPE2 and TIPE3 [8, 9]. TIPE2 
was initially discovered as an immune negative regulator 
that is involved in both innate and adaptive immunity. It 
was first isolated from the inflamed spinal cord of experi-
mental autoimmune encephalomyelitis (EAE) mice and 
its deficiency leads to lethal multi-organ inflammation 
[8, 10, 11]. TIPE2 is preferentially expressed in lymphoid 
tissues and a variety of specific epithelial tissues such as 
glandular epithelium and squamous epithelium [12, 13]. 
Interestingly, it has been demonstrated that TIPE2 also 
plays a pivotal role in tumorigenesis and tumor develop-
ment in the recent years. TIPE2 has been found to be a 
tumor suppressor in a number of tumors [14–17]. How-
ever, detailed mechanisms were still required in most of 
these studies.

Our previous research demonstrated that by directly 
binding with Rac1-GTPases, murine TIPE2 dictates the 
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strength of phagocytosis and oxidative burst in innate 
immunity, while human TIPE2 could inhibit various 
malignant behaviors of tumor cells and suppress tumor 
metastasis [14, 16, 18]. Rac1 is a member of the Rho 
family of small GTPases. It has been implicated in a 
wide variety of cellular processes, including cytoskeletal 
reorganization, gene transcription, and cell migration 
[19–21]. Rac1 is highly expressed in a number of cancer 
cell lines and plays an important role in regulating tumor 
progression [22, 23]. It has been demonstrated that Rac1 
regulates various downstream effector molecules related 
to tumor aggressiveness, such as MMP9 and uPA [14, 
24]. Research has found that Rac1 is overexpressed in 
PTC and is responsible for activating various oncogenic 
signaling [25, 26].

In the present study, we demonstrated for the first time 
that TIPE2 is overexpressed in PTC tissues. Interestingly, 
it is negatively associated with tumor aggressiveness as 
its level is lower in infiltrated tissue than in non-infil-
trated tissue. Further analysis also demonstrated that 
TIPE2 acts as a biomarker for the diagnosis of PTC and 
evaluation of tumor invasiveness. Our results also indi-
cate that TIPE2 is crucial in the malignant progress of 
PTC. Moreover, TIPE2 serves as a tumor suppressor via 
inhibiting the activation of Rac1. All these results suggest 
that TIPE2 is a key regulator during the progress of PTC, 
which deserves to be further explored.

Methods
Tissue samples
A total of 89 human PTC specimens and the related 
adjacent normal tissues were collected from Qilu Hos-
pital of Shandong University. Clinicopathological clas-
sification and staging were determined according to the 
American Joint Committee on Cancer (AJCC) criteria 
[27]. All samples were fixed in 40 g/L formaldehyde and 
were embedded in paraffin for histological diagnosis and 
immunohistochemical analysis. The study was approved 
by the Institutional Review Board of Shandong Univer-
sity, China. Written informed consent was obtained from 
all subjects.

Immunohistochemistry (IHC)
Immunohistochemistry was performed using paraffin-
embedded tissue sections. The sections were dewaxed 
and hydrated, followed by antigen retrieval (in 0.01 mol/L 
citrate buffer solution, pH 6.0, heated to boil for 2–3 min 
in a stainless steel pressure cooker). Endogenous per-
oxidase was blocked using a 3% hydrogen peroxide solu-
tion. The sections were incubated with the blocking 
goat serum for 15 min, then immunostained with rabbit 
antibody against TIPE2 (dilution 1:100, Abcam, UK) at 
4  °C overnight. Secondary staining was performed with 

HRP-conjugated anti-rabbit IgG using a MaxVsion Kit 
and a 3, 5-diaminobenzidine (DAB) peroxidase substrate 
kit (Maixin Co, Fuzhou, China). The sections were coun-
terstained with hematoxylin.

Evaluation of immunohistochemical staining
The immunohistochemical staining was independently 
evaluated by two experienced pathologists in a blinded 
manner. Staining was semi-quantitatively scored based 
on both the staining intensity (0, negative; 1, weak; 2, 
moderate; 3, strong) and the percentage of positively 
stained cells (0, 0%; 1, 1–25%; 2, 26–50%; 3, 51–75%; 4, 
76–100%). The two scores for each specimen were then 
combined to come up with a final TIPE2 expression 
score. The cut-off point of the sum of the scores were 
defined as follows: 0–3, low expression; 4–7, high expres-
sion. The appropriateness of the cut-off point was vali-
dated by ROC analysis.

Cell culture
The human PTC cell lines, TPC-1 and B-CPAP, obtained 
from the American Type Culture Collection (ATCC), 
were separately maintained in DMEM and RPMI 1640 
medium (Gibco, CA, USA) supplemented with 10% inac-
tivated fetal bovine serum (FBS) (Gibco) in a humidified 
cell incubator with an atmosphere of 5% CO2 at 37 °C.

Plasmid construction and transfection
The wild type TIPE2 plasmid was generated from the 
cDNA clone by PCR and cloned in frame with a C-ter-
minal Flag into the PRK5 vector. The mutant TIPE2 plas-
mid in which the TIPE2  N-terminal lysine or arginine 
residues, Lys-15, Lys-16, and Arg-24 were replaced with 
glutamine or alanine was generated by PCR-based site-
directed mutagenesis as previously described [18]. The 
siRNA used in the research were purchased from Sigma-
Aldrich (Louis, USA). Related sequences were as follows. 
Rac1-siRNA: forward 5′-GCA​AAC​AGA​UGU​GUU​CUU​
A-3′, reverse 5′-UAA​GAA​CAC​AUC​UGU​UUG​C-3′. The 
negative control siRNA sequence: forward 5′-UUC​UCC​
GAA​CGU​GUC​ACG​UTT-3′, reverse 5′-ACG​UGA​CAC​
GUU​CGG​AGA​ATT-3′. Transfection of PTC cells with 
plasmid or siRNA was performed using Lipofectamine 
2000 according to the manufacturer’s protocols (Invitro-
gen, Carlsbad, CA, USA).

RNA isolation and real‑time quantitative PCR
Total RNAs were extracted from transfected cells using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and 
were reverse transcribed into cDNA using a Rever Tra 
Ace qPCR Kit (Toyobo, Osaka, Japan). Real-time quan-
titative PCR was performed using an UltraSYBR Mix-
ture (CWBIO). The sequences of the sense and antisense 
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primers were as follows: TIPE2: 5′-ACTGA GTA​AGA​
TGG​CGG​GTCG-3′, and 5-TTC​TGG​CGAA AGC​GGG​
TAG-3′; Rac1: 5′-AT GTC​CGT​GCA​AAG​TGG​TAT​C-3′, 
and 5-CTC​GGA​TCG​CTT​CGT​CAA​ACA-3′; GAPDH: 
5′-AAC​GGA​TTT​GGT​CGT​ATT​GGG-3′, and 5′-CCT​
GGA​ AGA​TGG​TGAT GGGAT-3′; MMP9: 5-GCA​TTC​
AGG​GAG​ACG​CCC​ATTT AAC​GAC​A-3′, and 5′-CTG​
ACA​CTC​CCG​GTGGG AAA​TCA​-3′; uPA: 5′-ACT​ACA​
TTG​TCT​ACC​TGG​GTC​GGT​C-3′ and 5′-ATG​CAA​ 
GAT​GAG​TTG​CTC​CAC​TTC​-3′. Relative gene expres-
sion levels were normalized to GAPDH as control.

Cell viability assays
A total of 3000 cells were seeded in 96-well plates in 
triplicate wells and cultured for the indicated times. Cell 
viability assay was performed and evaluated using Cell 
Counting Kit-8 (CCK8) (Beyotime, Haimen, China). The 
absorbance was determined at 450 nm. Each time point 
was replicated in three wells, and the experiment was 
independently performed at least three times.

Western blot
After 48  h of transfection, PTC cells were subjected 
to protein extraction using cell lysis buffer containing 
1% protease inhibitors. Protein concentrations of the 
homogenized lysates were measured using a BCA protein 
assay kit (Sangon, Shanghai, China). Aliquots containing 
30 μg of protein were separated by 10% SDS-PAGE and 
then transferred to PVDF membranes (Millipore, Bill-
erica, MA, USA). Membranes were incubated overnight 
at 4  °C with the following primary antibodies: mouse 
monoclonal antibody against TIPE2 (1:300; Abcam, UK), 
or anti-β-actin (1:1000; ZSGB-Bio, Beijing, China), fol-
lowed by secondary antibodies (1:2000; goat-anti rabbit 
or mouse IgG, ZSGB-Bio) conjugated to peroxidase for 
1 h at room temperature. After washing, immunoreactiv-
ity was visualized using an enhanced chemiluminescence 
kit (Millipore, Billerica, MA, USA) according to the man-
ufacturer’s instructions.

Cell proliferation assays
Cell proliferation assays were performed using MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide). A total number of 3000 cells were seeded in 
96-well plates and incubated for 24  h after TIPE2 over-
expression, MTT at 5  mg/ml was added and incubated 
for 4  h. Finally, the medium was aspirated, DMSO was 
added, and the absorbance was determined at 490  nm. 
Each time point was repeated in three wells, and the 
experiment was independently performed at least three 
times.

Transwell assays for cell migration and invasion
Tumor cell migration assays were analyzed in 24-well 
Boyden chambers with 8-μm pore size polycarbonate 
membranes (Costar, Acton, USA). For invasion assays, 
the membranes were precoated with 50 μg Matrigel (BD 
Biosciences, San Diego, USA) to simulate matrix barriers. 
Then, 1 × 105  cells were resuspended in 200  μl serum-
free medium and seeded into the upper chamber, and 
the lower compartments were filled with 600 μl medium 
with 10% FBS. After 12  h incubation for migration and 
24  h incubation for invasion assay, the upper surface of 
the Transwell membrane was wiped gently with a cotton 
swab to remove the non-migrating cells. The membranes 
were fixed with methanol and stained with 0.1% crystal 
violet for 20  min. The stained cells were counted under 
a light microscope at 200× magnification in at least five 
fields. Specific Rac1 inhibitor NSC23766 (Calbiochem, 
San Diego, USA) was used to inhibit Rac1 activity in sev-
eral experiments.

MMP activity assays
A total of 2.5 × 105 cells were cultured in a six-well cul-
ture plate and then transfected with TIPE2 overexpres-
sion plasmid for 24  h. The levels of secreted MMP-9 
in the culture supernatant were determined using an 
enzyme-linked immunosorbent assay (ELISA) following 
the manufacturer’s ELISA kit guidelines (R&D, USA). 
Samples were assayed in triplicate and calibrated against 
a standard curve.

Statistical analysis
The associations between TIPE2 expression and clin-
icopathological parameters were analyzed by the Chi 
square test and Fisher’s exact test. Quantitative data are 
presented as the mean ± SD. The statistical significance 
was determined by two-tailed paired Student’s t-test in 
two groups and one-way ANOVA in multiple groups. 
Receiver operating characteristic (ROC) curve analysis 
was performed to assess the diagnostic value of TIPE2 
in PTC. All statistical analyses were performed using 
SPSS 18.0 software (SPSS Inc., Chicago, USA), and a P 
value < 0.05 was considered statistically significant.

Results
TIPE2 protein expression was associated with tumor 
invasiveness in PTC
To explicit the expression condition of TIPE2 in PTC 
tissues, we conducted an IHC analysis using a total 
number of 89 paraffin-embedded PTC tissues and cor-
responding adjacent normal tissues. Results showed that 
TIPE2 staining was low in adjacent normal tissues, while 
strong TIPE2 expression was observed in tumor tissues. 
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Moreover, the expression of TIPE2 decreased in PTC tis-
sues with infiltration (Fig.  1a–c). To further explore the 
clinical significance of TIPE2 expression in PTC tissues, 

we analyzed the correlation between TIPE2 expression 
and various clinicopathological factors. As shown in 
Table 1, TIPE2 expression was negatively associated with 

Fig. 1  The expression and significance of TIPE2 in normal thyroid tissues and PTC tissues. a IHC results (×200 magnification) of TIPE2 expression 
in normal thyroid tissues and PTC tissues with or without infiltration. b IHC sum scores were used to compare TIPE2 expression in normal thyroid 
tissues and PTC tissues. c IHC sum scores were used to compare TIPE2 expression in PTC tissues with or without infiltration. ***P < 0.001. d The ROC 
curve showed clear separation between normal thyroid tissues and PTC tissues, with an AUC of 0.815 (P < 0.001). e The ROC curve was established 
and showed strong separation between patients with and without tumor infiltration, with an AUC of 0.876 (P < 0.001)



Page 5 of 12Jia et al. Cell Biosci  (2018) 8:49 

tumor size (P = 0.0002), capsule infiltration (P = 0.0085), 
peripheral infiltration (P = 0.0036) and tumor T stage 
(P = 0.0001), while no significant association was shown 
between TIPE2 expression and age (P = 0.3403), gender 
(P = 0.3841) and lymph node metastasis (P = 0.0941). All 
these results indicated that TIPE2 protein expression was 
associated with tumor invasiveness in PTC and TIPE2 
may be involved in the progression of PTC.

TIPE2 was a promising biomarker for diagnosis of PTC 
and prediction of tumor infiltration
It has been previously demonstrated that TIPE2 protein 
was up-regulated in PTC tissues compared with nor-
mal tissues. To determine the diagnostic value of TIPE2 
expression in PTC, we constructed receiver opera-
tor characteristic (ROC) curves and calculated the area 
under the curve (AUC) to access whether TIPE2 expres-
sion was able to differentiate tumor tissues and normal 
tissues. The ROC curves showed that the AUC for TIPE2 
in discriminating PTC tissues and normal tissues was 
up to 0.815 (Fig.  1d, CI (95%) 0.733–0.880, P < 0.001), 

with an estimated sensitivity and specificity of 87.64 and 
68.97%, respectively (Additional file 1: Table S1).

As TIPE2 expression was decreased in aggressive 
PTC tissues. The predictive accuracy of TIPE2 expres-
sion to distinguish between patients with and without 
tumor infiltration was accessed using ROC curve. The 
AUC value for predicting tumor infiltration in PTC was 
0.876 (Fig.  1e, CI (95%) 0.789–0.936, P < 0.001), with an 
estimated sensitivity and specificity of 95.45 and 64.18%, 
respectively (Additional file 1: Table S1). All these results 
demonstrated that TIPE2 could serve as a promising bio-
marker for the diagnosis of PTC and the prediction of 
tumor invasiveness.

TIPE2 overexpression markedly suppressed the viability, 
proliferation, migration and invasion of PTC cells
To further elucidate the roles of TIPE2 in PTC, we 
explored the effect of TIPE2 on various of malignant 
biological behaviors of PTC cells. First, the expression of 
TIPE2 in human PTC cell lines, TPC-1 and B-CPAP was 
detected by real-time PCR, results revealed a low TIPE2 
expression in these two cell lines. Therefore, we overex-
pressed TIPE2 in the two cell lines by the transfection 
of PRK5-TIPE2 recombinant plasmid. As is shown in 
Fig.  2a, b, TIPE2 expression was significantly increased. 
CCK8 assays were conducted to evaluate the effect of 
TIPE2 on the viability of PTC cells. The results showed 
that TIPE2 overexpression in TPC-1 and B-CPAP cells 
markedly suppressed cell viability (Fig. 2c, d). Then MTT 
assays were performed to investigate the effect of TIPE2 
on the proliferation of PTC cells. The results showed that 
TIPE2 overexpression was significantly associated with 
decreased cell proliferation (Fig. 2e, f ).

As it has been demonstrated that TIPE2 expression is 
negatively correlated with tumor invasiveness. We per-
formed Transwell migration and invasion assays in PTC 
cells after TIPE2 overexpression. As TIPE2 had no effect 
on cell viability and proliferation within the 12-h period, 
which eliminated the potential confounding influence of 
TIPE2 induced cell viability or proliferation suppression 
on cell migration and invasion. The results indicated that 
TIPE2 overexpression significantly inhibited the migra-
tion and invasion capacities of both TPC-1 and B-CPAP 
cells (Fig. 3a–d).

Taken together, these data suggested that TIPE2 acts as 
a tumor suppressor by suppressing the viability, prolifera-
tion, migration and invasion of PTC cells.

TIPE2 suppressed the invasiveness of PTC cells 
by inhibiting Rac1
It has been demonstrated that Rac1 is a key molecule 
in regulating the invasiveness of PTC, and our previous 
research found that TIPE2 functions through inhibiting 

Table 1  Correlations between  TIPE2 expression and   
clinicopathological characteristics in PTC

The bold emphasis means the results have significant difference

Variable Number TIPE2 expression P value

Low High

Number of patients 89 23 66

Age (years)

 < 45 50 15 35 0.3403

 ≥ 45 39 8 31

Gender

 Male 20 7 13 0.3841

 Female 69 16 53

Tumor size (cm)

 ≤ 1 27 4 23 0.0002

 1.5–4 57 12 45

 > 4 5 5 0

Capsule infiltration

 Negative 22 1 21 0.0085

 Positive 67 22 45

Peripheral infiltration

 Negative 75 15 60 0.0036

 Positive 14 8 6

T stage

 T1 65 8 57 0.0001

 T2–T4 24 15 9

Lymph node metastasis

 Negative 45 8 37 0.0941

 Positive 44 15 29
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Rac1 in hepatocellular carcinoma (HCC) and non-small 
cell lung cancer (NSCLC) [14, 16]. Here we hypothesized 
that TIPE2 may suppress the invasiveness by inhibiting 
Rac1 in PTC. To confirm our hypothesis, we performed 
the following experiments. First, we detected Rac1 
expression in PTC tissues by IHC, and we found that 
Rac1 expression was markedly up-regulated in PTC tis-
sues with infiltration compared with that in PTC tissues 
without infiltration (Fig.  4a, b). Then, using both spe-
cific Rac1 silencing RNA and NSC23766, a Rac1 inhibi-
tor, we investigated the effect of Rac1 on the invasiveness 
of PTC cells. We demonstrated that both Rac1 silenc-
ing and Rac1 activity inhibition effectively suppressed 
the invasiveness of PTC cells (Fig.  4c, d). Moreover, by 

co-transfecting Rac1 siRNA and TIPE2 overexpressing 
plasmid, we demonstrated that Rac1 silencing eliminated 
the inhibitory effect of TIPE2 on the invasiveness of PTC 
cells (Fig.  4e). Furthermore, the mutation of TIPE2 in 
sites which binds to Rac1, reversed this inhibitory effect 
on tumor cell invasiveness (Fig.  4f ). All these results 
demonstrated that TIPE2 suppressed the invasiveness of 
TPC cells by inhibiting Rac1.

TIPE2 suppressed Rac1 downstream effectors, uPA 
and MMP9 expression in PTC cells
It is known that the uPA and MMP9 are important Rac1 
downstream effectors that are responsible for degrading 
the extracellular matrix components, which is essential 

Fig. 2  TIPE2 overexpression markedly suppressed the viability and proliferation of PTC cells. A-B. Real-time PCR (a) and western-blot (b) showed 
that TIPE2 expression was significantly upregulated after transfection of the PRK5-TIPE2 plasmid in TPC-1 and B-CPAP cells. c, d After TIPE2 
overexpression, CCK8 assays were conducted to evaluate the viability of TPC-1 (c) and B-CPAP cells (d). e, f MTT assays were conducted to evaluate 
the proliferation of TPC-1 (e) and B-CPAP cells (f) after TIPE2 overexpression. Data represent the mean ± SD of three independent experiments. 
*P < 0.05; **P < 0.01; ***P < 0.001
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for the invasiveness of tumor cells [28–30]. Therefore, 
we investigated the effect of TIPE2 on uPA and MMP9 
expression in PTC cells. As is shown in Fig. 5a, b, TIPE2 
significantly decreased uPA and MMP9 expression at 
both the mRNA and protein levels, while TIPE2 muta-
tion reversed this inhibitory effect. Moreover, we found 
that the expression of uPA and MMP9 also decreased 
after Rac1 silencing at both the mRNA and protein levels 
(Fig. 5c, d). These results indicated that TIPE2 decreased 
uPA and MMP9 expression via inhibiting Rac1.

Discussion
The incidence of PTC has been rapidly growing over the 
past few decades. Although the prognosis of PTCs is gen-
erally good, tumor invasiveness is one of the major risk 
factor that leads to poor prognosis [1, 3, 31]. Therefore, 
elucidating the mechanisms underlying the invasive-
ness of PTC may facilitate the development of clinical 

strategies. In the present study, we found that TIPE2 
expression was significantly associated with tumor inva-
siveness. Moreover, we demonstrated that TIPE2 sup-
pressed the migratory and invasive capacities of PTC by 
inhibiting Rac1, indicating that forced TIPE2 expression 
might be a novel strategy for the treatment of PTC.

Although TIPE2 was primarily identified as an 
immune regulator, it has been demonstrated that 
TIPE2 also expressed in various non-immune tissues 
such as glandular epithelium, squamous epithelium 
[12, 13]. Decreased TIPE2 expression were previously 
reported in a number of tumors such as hepatocel-
lular carcinoma (HCC), gastric cancer, glioma and 
prostate cancer [14, 15, 17, 32]. However, increased 
TIPE2 expression was also observed in some specific 
tumors including colorectal cancer (CRC), non-small 
cell lung cancer (NSCLC) and skin squamous cancer 
[16, 33, 34]. This study also demonstrated that TIPE2 

Fig. 3  TIPE2 notably suppressed the migration and invasion of PTC cells. a TPC-1 cells transfected with the TIPE2 overexpression plasmid were 
used for Transwell migration and invasion assays. b Statistic results were shown by counting five fields of TPC-1 cells in the lower chambers (×200 
magnification). c B-CPAP cells transfected with the TIPE2 overexpression plasmid were used for Transwell migration and invasion assays. d Statistic 
results were shown by counting five fields of B-CPAP cells in the lower chambers (×200 magnification). Data represent the mean ± SD of three 
independent experiments. **P < 0.01; ***P < 0.001
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expression was up-regulated in PTC compared with 
the adjacent normal thyroid tissue. This expression 
may be due to the specific expression characteristics 
of TIPE2. As TIPE2 is preferably expressed in glan-
dular epithelium, and according to previous research, 
TIPE2 is negatively expressed in normal thyroid gland 

[12, 13]. We deduced that increased TIPE2 expression 
resulted from the glandular metaplasia. The expres-
sion of TIPE2 in CRC, NSCLC and skin squamous car-
cinoma verified our hypothesis. Histologically, most 
of the CRC tissues are glandular carcinoma, glandular 
carcinoma and squamous carcinoma account for the 

Fig. 4  TIPE2 suppressed the invasiveness of PTC cells via inhibiting Rac1. a IHC results (×200 magnification) of Rac1 expression in PTC tissues 
with or without infiltration. b IHC sum scores were used to compare TIPE2 expression in PTC tissues with or without infiltration. c The invasiveness 
of TPC-1 and B-CPAP cells were measured by Transwell invasion assays after transfection of specific Rac1 siRNA. d After treatment of NSC23766, 
Transwell invasion assays were used to evaluate the invasiveness of TPC-1 and B-CPAP cells. e TPC-1 and B-CPAP cells co-transfected with 
Rac1-specific siRNA and TIPE2 overexpressing plasmid were used for Transwell invasion assays. f TPC-1 and B-CPAP cells that transfected with Mock, 
wild type TIPE2 and mutant TIPE2 plasmids were used for Transwell invasion assays. Data are shown as the mean ± SD, and the results shown are 
representative of 3 independent experiments. Five fields of cells in the lower compartment were counted in Transwell assays (200 × magnification). 
**P < 0.01
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Fig. 5  TIPE2 suppressed uPA and MMP9 expression via inhibiting Rac1 in PTC cells. a The expression of uPA and MMP9 at mRNA level were detected 
by real-time PCR after transfection with Mock, wild type TIPE2 and mutant TIPE2 plasmids in PTC cells. b The protein level of uPA and MMP9 were 
detected by ELISA in PTC cells after transfected with Mock, wild type TIPE2 and mutant TIPE2 plasmids. c The expression of uPA and MMP9 at mRNA 
level were detected by real-time PCR in TPC-1 and B-CPAP cells after Rac1 silencing. d The protein level of uPA and MMP9 were detected by ELISA in 
TPC-1 and B-CPAP cells after Rac1 silencing
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majority of all NSCLCs. Further analysis revealed that 
TIPE2 expression decreased with tumor progression, 
and reduced TIPE2 expression was significantly asso-
ciated with tumor size, capsule infiltration, peripheral 
infiltration and T stage. Moreover, ROC analysis indi-
cated that TIPE2 expression had discriminative validity 
in differentiating tumor tissues and tumor invasive-
ness. All these results suggested that TIPE2 may serve 
as a potential immunohistochemical marker, and TIPE2 
staining in the surgical specimens could be used to 
evaluate the risks of tumor invasiveness.

TIPE2 mainly acts as a tumor suppressor by sup-
pressing tumor proliferation, migration, invasion and 
angiogenesis in a variety of tumors [14–16]. However, 
the role of TIPE2 in PTC has not been elucidated. 
Our results showed that TIPE2 overexpression sup-
pressed the proliferation, migration and invasion of 
PTC cells significantly. Therefore, our data indicated 
that although TIPE2 expression was up-regulated in 
PTC tissues, TIPE2 still serves as a tumor suppressor in 
PTC, which is similar to that in NSCLC. The decreased 
TIPE2 expression in more aggressive PTC tissues also 
verified our conclusion.

The detailed mechanism of how TIPE2 suppressed 
tumor aggressiveness remains largely unknown. It has 
been demonstrated that TIPE2 may function as a tumor 
suppressor by inhibiting several classic oncogenic sign-
aling pathways [15, 17]. Our previous research dem-
onstrated that TIPE2 suppressed the migration and 
invasion of HCC and NSCLC cells by inhibiting Rac1 [14, 
16]. Rac1 is a member of the Rho family of small GTPases 
and has been implicated in a wide variety of cellular pro-
cesses, especially in cell motility [19, 23, 35]. Research 
found that Rac1 plays a pivotal role in the aggressiveness 
of PTC [25, 26, 36]. To determine whether TIPE2 func-
tions through inhibiting Rac1, we generated a mutant 
TIPE2 plasmid, which lost the Rac1 binding site. In addi-
tion, specific Rac1 inhibitor and siRNA were also used. 
Results indicated that Rac1 is a promising target of TIPE2 
in PTC. Previous studies showed that uPA and MMPs, 
which further were responsible for degrading extracellu-
lar matrix (ECM), played important roles in the aggres-
siveness of PTC. Moreover, uPA and MMPs have been 
demonstrated to be crucial downstream effectors of Rac1 
[37–39]. Here we demonstrated that TIPE2 suppressed 
tumor aggressiveness via inhibiting Rac1, which subse-
quently decreased the expression of uPA and MMP9 in 
PTC cells.

There were several limitations in our research. The 
specificity of TIPE2 in predicting tumor progression was 
lower than 70%. Therefore, an increased sample size is 
needed to further determine the precise predictive effect 
of TIPE2 in PTC progression. In addition, the correlation 

between TIPE2 expression and the prognosis of PTC 
patients still needs to be further investigated.

The aggressiveness of PTC remains the main reason for 
the poor prognosis of the disease. In the present study, 
we demonstrated that TIPE2 serves as an ideal immu-
nohistochemical biomarker for the differentiation of 
tumor aggressiveness in PTC. Moreover, TIPE2 acts as 
a tumor suppressor by inhibiting Rac1 related signaling. 
Taken together, we hypothesize that TIPE2 expression 
was up-regulated during the tumorigenesis of PTC, and 
the expression of TIPE2 decreased accompanied with 
increased aggressiveness of tumor cells. In tumor tissues 
with high TIPE2 expression, the invasiveness of tumor 
cells might be suppressed by TIPE2. Moreover, TIPE2 is 
an endogenous inhibitor of Rac1, forced TIPE2 expres-
sion may present a potential strategy for the treatment of 
patients with aggressive PTC.

Conclusions
Human negative immune regulator TIPE2 was up-reg-
ulated in PTC tissues, which was found to be negatively 
associated with tumor size, capsule infiltration, periph-
eral infiltration and tumor T stage. The expression of 
TIPE2 serves as an IHC biomarker for the evaluation 
of tumor aggressiveness. TIPE2 suppressed a number 
of malignant behaviors of tumor cells, such as viabil-
ity, proliferation, migration and invasion. Mechanically, 
TIPE2 suppressed tumor invasiveness by inhibiting Rac1, 
which subsequently decreased the expression of uPA and 
MMP9. All these results indicate that TIPE2 is a potential 
biomarker for predicting tumor aggressiveness and sup-
presses tumor invasiveness in a Rac1-dependent manner 
in PTC.

Additional file

Additional file 1: Table S1. Sensitivity, specificity, and positive and nega-
tive predictive values for the detection of PTC and tumor infiltration using 
TIPE2 expression.

Abbreviations
TIPE2: tumor necrosis factor (TNF)-alpha-induced protein 8-like 2; PTC: papil-
lary thyroid cancer; TSH: thyroid stimulating hormone; EAE: experimental auto-
immune encephalomyelitis; AJCC: the American Joint Committee on Cancer; 
IHC: immunohistochemistry; AUC​: area under the curve; HCC: hepatocellular 
carcinoma; NSCLC: non-small cell lung cancer; CRC​: colorectal cancer; ECM: 
extracellular matrix.

Authors’ contributions
HL conceived and designed the research; WJ, ZL and JC performed the 
experiments; LS and CL contributed to make the table and figures; SW and JC 
contributed to the statistical analysis; WJ and ZL wrote the paper; JN and HL 
revised the paper. All authors read and approved the final manuscript.

https://doi.org/10.1186/s13578-018-0247-x


Page 11 of 12Jia et al. Cell Biosci  (2018) 8:49 

Author details
1 Department of Endocrinology, Shandong Provincial Hospital Affiliated 
to Shandong University, Jinan, Shandong, People’s Republic of China. 
2 Institute of Endocrinology and Metabolism, Shandong Academy of Clinical 
Medicine, Jinan, Shandong, People’s Republic of China. 3 Department of Gen-
eral Surgery, Affiliated Hospital of Qingdao University, Qingdao, Shandong, 
People’s Republic of China. 4 Department of Endocrinology, Qilu Hospital 
of Shandong University, 107# Wenhua Xi Road, Jinan 250012, Shandong, 
People’s Republic of China. 5 Department of Traditional Chinese Medicine, The 
First People’s Hospital of Jining, Jining, Shandong, People’s Republic of China. 
6 Clinical Laboratory, Weihai Wendeng Central Hospital, Weihai, Shandong, 
People’s Republic of China. 7 Key Laboratory of Thyroid Disease, Affiliated Hos-
pital of Qingdao University, Qingdao, Shandong, People’s Republic of China. 
8 Department of General Surgery, Qilu Hospital of Shandong University, Jinan, 
Shandong, People’s Republic of China. 

Acknowledgements
We thank Professor Lining Zhang (Shandong University) for her critical com-
ments on the manuscript, and Dr. Chuangjie Cao (Sun Yat-sen University) and 
Dr. Yan Wang (Shandong University) for evaluating the IHC data.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Please contact the corresponding author for data on reasonable request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of Shandong Uni-
versity, China. Written informed consent was obtained from all subjects.

Funding
This work was supported by the National Natural Science Foundation 
(81572414).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 29 November 2017   Accepted: 27 August 2018

References
	1.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 

2017;67:7–30.
	2.	 Davies L, Morris L, Hankey B. Increases in thyroid cancer incidence and 

mortality. JAMA. 2017;318:389–90.
	3.	 Cabanillas ME, McFadden DG, Durante C. Thyroid cancer. Lancet. 

2016;388:2783–95.
	4.	 Links TP, de Heide LJ, Janssen M, van Nederveen FH, van der Lugt A, 

Vriens M, Smit JW. Guideline thyroid cancer including diagnostics of the 
nodule. Ned Tijdschr Geneeskd. 2015;159:A9413.

	5.	 Moss L. Thyroid Cancer Forum-UK (TCF-UK): a free, independent, 
multidisciplinary education resource and peer support organisation for 
consultants. Clin Oncol. 2010;22:508–11.

	6.	 Nikiforova MN, Nikiforov YE. Molecular genetics of thyroid cancer: 
implications for diagnosis, treatment and prognosis. Exp Rev Mol Diag. 
2008;8:83–95.

	7.	 Urken ML. Prognosis and management of invasive well-differentiated 
thyroid cancer. Otolaryngol Clin North Am. 2010;43:301–28.

	8.	 Freundt EC, Bidere N, Lenardo MJ. A different TIPE of immune homeosta-
sis. Cell. 2008;133:401–2.

	9.	 Lou Y, Liu S. The TIPE (TNFAIP8) family in inflammation, immunity, and 
cancer. Mol Immunol. 2011;49:4–7.

	10.	 Zhang X, Wang J, Fan C, Li H, Sun H, Gong S, Chen YH, Shi Y. Crystal struc-
ture of TIPE2 provides insights into immune homeostasis. Nat Struct Mol 
Biol. 2009;16:89–90.

	11.	 Sun H, Gong S, Carmody RJ, Hilliard A, Li L, Sun J, Kong L, Xu L, Hilliard B, Hu 
S, Shen H, Yang X, Chen YH. TIPE2, a negative regulator of innate and adap-
tive immunity that maintains immune homeostasis. Cell. 2008;133:415–26.

	12.	 Zhang L, Shi Y, Wang Y, Zhu F, Wang Q, Ma C, Chen YH, Zhang L. The 
unique expression profile of human TIPE2 suggests new functions 
beyond its role in immune regulation. Mol Immunol. 2011;48:1209–15.

	13.	 Zhang G, Hao C, Lou Y, Xi W, Wang X, Wang Y, Qu Z, Guo C, Chen Y, Zhang 
Y, Liu S. Tissue-specific expression of TIPE2 provides insights into its func-
tion. Mol Immunol. 2010;47:2435–42.

	14.	 Cao X, Zhang L, Shi Y, Sun Y, Dai S, Guo C, Zhu F, Wang Q, Wang J, Wang 
X, Chen YH, Zhang L. Human tumor necrosis factor (TNF)-alpha-induced 
protein 8-like 2 suppresses hepatocellular carcinoma metastasis through 
inhibiting Rac1. Mol Cancer. 2013;12:149.

	15.	 Lu Q, Liu Z, Li Z, Chen J, Liao Z, Wu WR, Li YW. TIPE2 overexpression sup-
presses the proliferation, migration, and invasion in prostate cancer cells 
by inhibiting PI3K/Akt signaling pathway. Oncol Res. 2016;24:305–13.

	16.	 Li Z, Guo C, Liu X, Zhou C, Zhu F, Wang X, Wang Q, Shi Y, Wang J, Zhao W, 
Zhang L. TIPE2 suppresses angiogenesis and non-small cell lung cancer 
(NSCLC) invasiveness via inhibiting Rac1 activation and VEGF expression. 
Oncotarget. 2016;7:62224–39.

	17.	 Zhao Q, Zhao M, Dong T, Zhou C, Peng Y, Zhou X, Fan B, Ma W, Han M, Liu S. 
Tumor necrosis factor-alpha-induced protein-8 like-2 (TIPE2) upregulates p27 
to decrease gastic cancer cell proliferation. J Cell Biochem. 2015;116:1121–9.

	18.	 Wang Z, Fayngerts S, Wang P, Sun H, Johnson DS, Ruan Q, Guo W, Chen 
YH. TIPE2 protein serves as a negative regulator of phagocytosis and oxi-
dative burst during infection. Proc Natl Acad Sci USA. 2012;109:15413–8.

	19.	 Colley NJ. Cell biology. Actin’ up with Rac1. Science. 2000;290:1902–3.
	20.	 Worthylake DK, Rossman KL, Sondek J. Crystal structure of Rac1 in 

complex with the guanine nucleotide exchange region of Tiam1. Nature. 
2000;408:682–8.

	21.	 Yamazaki D, Kurisu S, Takenawa T. Regulation of cancer cell motility 
through actin reorganization. Cancer Sci. 2005;96:379–86.

	22.	 Navarro-Lerida I, Pellinen T, Sanchez SA, Guadamillas MC, Wang Y, Mirtti 
T, Calvo E, Del Pozo MA. Rac1 nucleocytoplasmic shuttling drives nuclear 
shape changes and tumor invasion. Dev Cell. 2015;32:318–34.

	23.	 Keely PJ, Westwick JK, Whitehead IP, Der CJ, Parise LV. Cdc42 and Rac1 
induce integrin-mediated cell motility and invasiveness through PI(3)K. 
Nature. 1997;390:632–6.

	24.	 Murthy S, Ryan A, He C, Mallampalli RK, Carter AB. Rac1-mediated 
mitochondrial H2O2 generation regulates MMP-9 gene expres-
sion in macrophages via inhibition of SP-1 and AP-1. J Biol Chem. 
2010;285:25062–73.

	25.	 Wang C, Yan G, Zhang Y, Jia X, Bu P. Long non-coding RNA MEG3 sup-
presses migration and invasion of thyroid carcinoma by targeting of Rac1. 
Neoplasma. 2015;62:541–9.

	26.	 Lin X, Guan H, Li H, Liu L, Liu J, Wei G, Huang Z, Liao Z, Li Y. miR-101 
inhibits cell proliferation by targeting Rac1 in papillary thyroid carcinoma. 
Biomed Rep. 2014;2:122–6.

	27.	 Tuttle RM, Haugen B, Perrier ND. Updated American joint committee on 
cancer/tumor-node-metastasis staging system for differentiated and ana-
plastic thyroid cancer (Eighth Edition): what changed and why? Thyroid. 
2017;27:751–6.

	28.	 Prakobwong S, Yongvanit P, Hiraku Y, Pairojkul C, Sithithaworn P, Pinlaor P, 
Pinlaor S. Involvement of MMP-9 in peribiliary fibrosis and cholangiocar-
cinogenesis via Rac1-dependent DNA damage in a hamster model. Int J 
Cancer. 2010;127:2576–87.

	29.	 Li XF, Yan PJ, Shao ZM. Downregulation of miR-193b contributes to 
enhance urokinase-type plasminogen activator (uPA) expression and 
tumor progression and invasion in human breast cancer. Oncogene. 
2009;28:3937–48.

	30.	 Lee SU, Ahn KS, Sung MH, Park JW, Ryu HW, Lee HJ, Hong ST, Oh SR. 
Indacaterol inhibits tumor cell invasiveness and MMP-9 expression by 
suppressing IKK/NF-kappaB activation. Mol Cells. 2014;37:585–91.

	31.	 Wang W, Su X, He K, Wang Y, Wang H, Wang H, Zhao Y, Wang H, Zhao W, 
Zarnegar R, Fahey TJ, Teng X, Teng L. Comparison of the clinicopathologic 
features and prognosis of bilateral versus unilateral multifocal papillary 
thyroid cancer: an updated study with more than consecutive patients. 
Cancer. 2000;122(2016):198–206.



Page 12 of 12Jia et al. Cell Biosci  (2018) 8:49 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	32.	 Liu ZJ, Liu HL, Zhou HC, Wang GC. TIPE2 inhibits hypoxia-induced Wnt/
beta-catenin pathway activation and EMT in glioma cells. Oncol Res. 
2016;24:255–61.

	33.	 Li X. TIPE2 regulates tumor-associated macrophages in skin squamous 
cell carcinoma. Tumour Biol. 2016;37:5585–90.

	34.	 Li XM, Su JR, Yan SP, Cheng ZL, Yang TT, Zhu Q. A novel inflammatory 
regulator TIPE2 inhibits TLR4-mediated development of colon cancer via 
caspase-8. Cancer Biomark. 2014;14:233–40.

	35.	 Zeidan-Chulia F, Rybarczyk-Filho JL, Salmina AB, de Oliveira BH, Noda M, 
Moreira JC. Exploring the multifactorial nature of autism through com-
putational systems biology: calcium and the Rho GTPase RAC1 under the 
spotlight. Neuro Mol Med. 2013;15:364–83.

	36.	 Pomerance M, Abdullah HB, Kamerji S, Correze C, Blondeau JP. Thyroid-
stimulating hormone and cyclic AMP activate p38 mitogen-activated 
protein kinase cascade. Involvement of protein kinase A, rac1, and reac-
tive oxygen species. J Biol Chem. 2000;275:40539–46.

	37.	 Nowicki TS, Kummer NT, Iacob C, Suslina N, Schaefer S, Schantz S, Shin 
E, Moscatello AL, Tiwari RK, Geliebter J. Inhibition of uPAR and uPA 
reduces invasion in papillary thyroid carcinoma cells. Laryngoscope. 
2010;120:1383–90.

	38.	 Ren L, Xu Y, Liu C, Wang S, Qin G. IL-17RB enhances thyroid cancer cell 
invasion and metastasis via ERK1/2 pathway-mediated MMP-9 expres-
sion. Mol Immunol. 2017;90:126–35.

	39.	 Luo D, Chen H, Li X, Lu P, Long M, Peng X, Lin S, Tan L, Zhu Y, Ouyang N, 
Li H. Activation of the ROCK1/MMP-9 pathway is associated with the 
invasion and poor prognosis in papillary thyroid carcinoma. Int J Oncol. 
2017;51:1209–18.


	TIPE2 acts as a biomarker for tumor aggressiveness and suppresses cell invasiveness in papillary thyroid cancer (PTC)
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Tissue samples
	Immunohistochemistry (IHC)
	Evaluation of immunohistochemical staining
	Cell culture
	Plasmid construction and transfection
	RNA isolation and real-time quantitative PCR
	Cell viability assays
	Western blot
	Cell proliferation assays
	Transwell assays for cell migration and invasion
	MMP activity assays
	Statistical analysis

	Results
	TIPE2 protein expression was associated with tumor invasiveness in PTC
	TIPE2 was a promising biomarker for diagnosis of PTC and prediction of tumor infiltration
	TIPE2 overexpression markedly suppressed the viability, proliferation, migration and invasion of PTC cells
	TIPE2 suppressed the invasiveness of PTC cells by inhibiting Rac1
	TIPE2 suppressed Rac1 downstream effectors, uPA and MMP9 expression in PTC cells

	Discussion
	Conclusions
	Authors’ contributions
	References




